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Vitae
W. Christian Crannell was born May 9, 1986, to William Moerlein Crannell and Suzanne
Louise Guay in Albany, N.Y. After a series of moves, Christian ended up at the age often hVling in
Suffern, N.Y. and would soon attend Don Bosco Preparatory School, a Salesian affiliated high
school in Ramsey, N.J. It was at Bosco that he became interested in chemistry and biology and
toyed with the notion of majoring in either of these areas.
After matriculation to Colby College in Waterville, ME, Christian decided the fan of hils
first year pursue the Chemisrry-A.C.S major due to a great experience in general chemjstry.
Organic chemistry enthralled him even more and his decision to declare the A.C.S. major was
solidified by the conclusion of his freshman year.
While at Colby, Christian was lucky enough to enter Julie Millard's research lab tne spring
semester of his first year and began to explore cross-linking within D.N.A. by diepoxy butane
exposure. However, organic chemistry was too enthralling and so Christian switched to Jeffrey
Katz's lab in the middle of his second year, where he has remained until commencement In May
2008, Christian completed his Bachelor's of Arts Degree with a Chemistry-A.C.S. major including
Honors in Chemistry. In addition, his senior year he was elected to Phi Beta Kappa.
While not focusing on chemistry and taking interesting biology courses, Christian was able
to ski a substantial amount, which included travels to a myriad of places in pursuit of snow.
Christian is also an active cyclist, hiker, and enjoys crew and rock climbing.
Christian's future plans include pursuing either an M.D., or an M.DJPhD.
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Abstract
Calix[n]arenes, cyclIc molecules composed of "n" benzene rings meta-linked by a
methylene to form a macrocycle, are very prevalent jn the literature and enjoy a wide range of
applications. However, the oxygen bridged and nitrogen bridged systems, oxacalllx[n)a1renesand
azacalix[n]arenes, respectively, are far less common because they are syntheticatly chalJ'enging.
Furthermore, the selective synthesis of oxacalix[6]arene systems has not previously been well
documented, but the systems can now be accessed in a facile approach disclosed here. T.he insight
and knowledge gained from the synthesis of oxacalix{6]arenes has provided a foray into the
synthesis of azacalix[nlarenes.
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Introduction
Calix{n]arenes are molecules composed of "n" benzene rings meta-linked by a

bridg~ng

atom to form a macrocycle (Figure I). A variety of calix[n}arene bridging a'toms are found in the
literature, the most common being carbon,] sulfur/ nitrogen,3 and oxygen. 4.5 The carDon-bridged
systems have been known since Zinke and Ziegle~ discovered them lin {he 19405, although the
separation and characterization of those macrocycles proved difficuk It was not until ,the

~970's

that calix[4]arenes, calix[6}arenes, and calix[8}arenes could be selectively synthesized in good
yield, according to David Gutsche's methodology.].7 Several catix[n]an~lilesare ,commercially
available and due to the unique internal cavity of calixln]arenes, the molecules are used for a variety
of purposes and are very prevalent In the literature.
However, Gutsche's conditions are highly specific for the carbon-bridged calix!n]arernesand
do not allow for the synthesis of oxygen-bridged calixarenes, oxacalix[njarenes. The Katz grourp
showed that reaction of an aromatic Ducleophile with an aromatic electrophil1e could proceed by
nucleophilic aromatic substitution

(S~r)

to yield oxacalix[4]arenes, as well as larger

macrocycles. 4 .5 From the reaction of 2,6-dichloropyrazine and orcinol (Figl!JIe H}, the major
products are the oxacalix[4)arene, oxacalix[6}arene, larger rings and polymeric rnateri'al. My
project focused on selectively synthesizing different oxacalix[6jarenes kineticaUy by the reaction of
'
linear fragments, which were in tum synthesized from starting aromatic monomers (Figorre III).
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X~X

Qxox0
~I

A calix[4]an::ne

A calixf6]arel\e

Figure I: A calix[nJarene is a matrocycle composed of "n" benzene rings meta linked by a bridging
atom, x. There are numerous examples of bridging atoms, the most common being carbon, oxygen
(oxa-), sulfur (thio-J, aIild nitrogen (aza-). Shown above is a caJix[6larene and caJix,[4!arel1e.

+ Oclomer (II %) + 'Decamer (6%)
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Figure II: The reaction of 2,6-dichloropyrazine with orcinol in the presence of (5 2 (03 in DMSO at
50 "( results in a thermodynamic distribution of macrocycless.
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Materials and Methods
General
All reactions were run under an inert atmosphere of argon and carried out in air-drred gl,assware
unless otherwise noted. As used here, an acid work-up entails quenching the reaction with 1 M HCL
and extracting the reaction mixture three times with EtOAc, followed by washing with a saturated
solution of NaCl, drying over sodium sulfate, and concentrating in vacuo. For flash
chromatography, 200-430 mesh silica was used. Proton and BC NMR spectra were collected on a
Bruker Avance 400 or a Varian 500 spectrometer, with either tetramethylsilane or the residual
solvent use as an internal standard. Chemical shifts are reported in ppm.

General Linear Trimer Synthesis
The syntheses of linear trimers C and D were carried out by following the T Scheme:

A:B2:1.~C03(5equ~v)
HOyyOH

Y

ClY"Y'CI

~,JN

R

A

8

m.1SO.120·C.12h
A.:B I :2.

R

0

0

HO~O~O~OH

n
c

~c~ (25 equiv)

DMSO. 50 "C. 2 h •

~/~

R

A

N

r?'/~'

C1~O

J

o

N

r?"/~'

O~CI

Compound A represents a generic nucieophile and B is either the electrophile 2,6-dichJoropyraz,ine
or the electrophile 4,6-dichloropyrimidine. The combination of A and B in a 2: 1 ratio yields the
linear trimer C, whereas the combination of A and B in a 1:2 ratio yields the linear trimer D. Both
reactions are carried out in the presence of excess

C~C03'

When referring to linear trimers, the

names will be given as "electrophile-nucleophile trimer C/O". Unless otherwise noted, the reaction
conditions are shown above.
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Pyrazine-Orcinol TrimeF C (4): Orcinoll (500 mg, 4.03 mmoll) and 2,6-dichloropyrazine
(300.2 mg, 2.02 mmol') were

comb~ned

according to the T Scheme and aHowed to stir in

15 mL DMSO ca 12 h. An acid workup was performed, followed by a 2% MeOHlCH 2C1 2
flash silica column. The solvent was removed in vacuo yielding 455.7 mg of product,
(69.5% yield). IH NMR (400 MHz, CDCI), b): 8.05 (s, 2H), 6.55 (br, 2H), 6.50 (br, 2H),
6.49 (br, 2H), 2.20 (5, 6H).

Pyrazine-Orcinol Trimer D (3): Orcinol (500 mg, 4.03) and 2,6-dichiloropyrazine (11.2 g,
8.06 mmol) were combined according to the T Scheme and allowed to stir in 15 mL DMSO
ca. 2 h. An acid workup was performed, followed by a 20% EtOAc/hexane flash silica
column. The solvent was removed in vacuo yielding 622.4 mg of product, (44% y,ield). 'H
NMR (400 MHz, CDCl j , b): 8.21 (5, 2H), 8.19 (s, 2H), 6.90 (d, 2H), 6.82 (t, IH). 2.35 (s,
3H).

Pyrimidine-Orcinol Trimer C: Orcinol (545.6 mg. 4.40 mmol) and 4,6-dichJoropyrimidine
(327.8 mg, 2.20 mmol) were combined according to the T Schem.e and allowed to stir im 25
mL DMSO ca 12 h. An acid workup was performed, followed by a 2% MeOHlCH2Cl 2 flash
silica column, loading in CH1 Cl 1 . The solvent was removed iTil vacuo to yield a fight brown
oil. IH NMR (400 MHz, CDCI 3 , b): 8.46 (s, LH), 6.57 (br. 2H). 6.50 (bT, 2H), 6.43 (br, 2H),
6.24 (5, IH).

Pyrimidine-Orcinol Trimer D: Orcinol (272.5 mg, 2.20 mmolr)and 4;6-dichloropyrimidine
(655.5 mg, 4.4 equiv) were combined according to the T Scheme and allowed to stir in 25
mL DMSO ca 2 h. An acid workup was perfonned, foHowed by a 20% EtOAc/ihexane flash
silica column. The solvent was removed in vacuo to yield a white. crystaJhne solId.
lH NMR (400 MHz, CDCl 3 • 0): 8.'61 (s, 2H), 6.98 (d, 2H), 6.93 (dd, 2H), 6.81 (t, IH), 2.4S:
(s,3H).
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Pyrazine-Olivetol Trimer C: Olivetol (998.5 mg, 5.54 romol) and 2,6-dichloropyrazilile
(412.6 mg, 2.27 mmol) were combined according to the T Scheme and aJllowed to stir in 20
mL DMSO ca. 12 h. An acid workup was performed, folllowed by a 5% MeOHlCH 2'C!2
flash silica column. The so~vent was removed in vacuo to y~el,d a browD sO.l~d. lH NMR
(400 MHz, CDCI], b): 8.02 (s, 2H), 6.56 (br, 2 H), 6.55 (bT, 2H), 6.51 (br, 2H), 2.45 (t, 4H),
1.62 (br, 4H) 1.25 (bT, 8H), 0.89 (t, 6H).

Pyrazine-Olivetol Trimer D: Olivetol (500 mg, 2.77 mmol) and 2,6-dichloropyrazine
(826.5 mg, 5.54 mmol) were combined according to the T Scheme and allowed to stir in 20
mL DMSO ca. 2 h. An acid workup was performed, followed by a ]0%-20%
EtOAc/hexane

grad~ent flash

silica column. The solvent was removed in vacuo to yield a

clear oil. lH NMR (400 MHz, COCl), 6): 8.31 (s, 2H), 8.29 (s, 2H), 6.91 (d, 2H}, 6.86 (t,
1H), 2.65 (t, 2H), 1.65 (br, 2H), 1.35 (br, 4H), 0.90 (t, 3H).

Pyrimidine-Olivetol Trimer C: Olivetol (998.5 mg, 5.54 mmol) and 2,6-dichlompyrazine
(412.6 mg, 2.27 mmol) were combined according to the T Scheme and aHowed to stir in 20
mL DMSO ca. 12 h. An acid workup was performed, followed by a 30%-50%
EtOAc/hexane gradient flash silica column. The solvent was removed in vaClilO to yield a
clear-yellow oil. IH NMR {400 MHz, CDCI), 6): 8.47 (5, tH), 6.56 (br, 2 H), 6.54 (br, 2H),
6.45 (t, 2H), 6.25 (d, IH), 2.55 (t, 4H), 1.62 (br, 4H) 1.33 (br, 8H)" 0.89 (br, 6H).

Pyrimidine-Olivetol Trimer D: Olivetol (500 mg, 2.77 mmol) and 2,6-dichloropyrazine
(826.5 mg, 5.54 I11mon were combined according to the T Scheme and aJlowed to stir in 20
mL DMSO ca. 2 h. An acid workup was performed!, followed by a 10%-20%
EtOAc/hexane gradient flash sil,ica co~umJil. Toe sollvent was removed in vacuo to yjeJld a
clear oil. 'H NMR (400 MHz, COCl 3 , 6): 8.65 (s, 2H), 6.98 (br, 2H), 6.94 (br, 2H), 6.84 ([,
I H), 2.65 (t, 2H), 1.65 (br, 2H), L35 (br, 4H), 0.90 (I., 3H).
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Pyrnzine·Orcinol Calix[6]arene (5): Starting trimers 3 (25.0 mg, 76.2 }'mol) and 4 (23.2
mg, 76.2 }'mol) were combined with CsF (218 mg, 1.43 romol) in DMSO (5 mL) and
allowed to stir at 70 ·C ca. 1 h. An acid workup was performed followed by a 20%-60%
EtOAc/hexane gradient flash column. The solvent was removed in vacuo yiefding 25.7 mg
of product (30% yield). 'H NMR (400 MHz, COCl), 6): 8.02 (s, 6H), 6.81 (d, 6H), 6.78 (t,
3H), 2.25 (s, 9H).

P}TaZine-Orcinol Calix[4]arene (6): Product was isolated from flash silica co'lumn of t!he
reaction mixture for the synthesis of 5. The calix[4]arene, 4, was isolated as a white solid,
(3 mg, II % yield). 'H NMR (400 MHz, COCl), S): 8.12 (s, 4H). 6.65 (d, 4H), 6.78 (t, 2H),
2.25 (5, 6H).

Pyrimidine-Orcinol Calix[6]arene: Pyrazine-Orcinol Trimer C (143.5 mg, 0.44 mmol) and
Pyrazine-Orcinol Trimer D (153.6 mg, 0.44 mmol) were combined with CsF (1.3 g, 8.S.
mmol) in DMSO (1O rnL) and allowed to stir at 75 ·C ca. 1 h. An acid workup was
performed followed by a 1%-3% MeOHJCH 2 C12 gradient flash silica column. The
calix[6)arene could not be isolated cleanly.

Pyrazine-Olivetol Calix[6]arene: Pyrazine-Olivetol Trimer C (133.6 mg. 0.306 mmoll) and
Pyrazine-Olivetol Trimer D (124.2 mg, 0.306 romo!) were combined with CsF (930 mg,
6.12 mmol) in DMSO (10 mL) and allowed to stir at 75 ·C ca. I h. A 1.0 M HCl/CH2CI 2
workup was performed, followed by washing with a saturated solution of NaCI and dry,ing
over sodium sulfate. Solvent was removed in vacuo, followed by a 20% EtOAc/hexane
flash silica column. The calix[6jarene could not be isolated cleanly.

Pyrimidine-Olivetol Calix[6]arene: Pyrimidine-Olivetol Trimer C (165.4 mg. 0.379 mmol)
and Pyrimidine-Olivetol Trimer D (153.7 mg, 0.379 mmol) were combined witb CsF (1.15
g, 7.58 mmol) in DMSO (10 mL) and allowed to stir at 75 ·C ca. I h. A 1.0 M HCI/CH 2C1 2
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workup was performed, followed by washing with a saturated solution of NaCI and drying
over sodium sulfate. Solvent was removed in vacuo, followed by a 20% EtOAclhexane
flash silica column yielding 63.7 mg product (22% yield). IH NMR (400 MHz, CDCI 3, 0):
8.50 (5, 3H), 6.90 (br, 6H), 6.80 (hr, 3H), 6.38 (br, 3H), 2.65 (br, 6H), 1.65 (br, 6H), 1.35
(br, 12H), 0.89 (br, 9H).

Difluoro-dinitro-N-bridge Trimer (10): See reference 8
Difluoro-dinitro-N-bridge-Orcinol Calix[4]arene (11): See reference 8
Difluoro-dinitro-N-bridge-p}TaZine-Orcinol Calix[6]arene (12): Starting Trimers 4 (28.6
mg, 0.088 mmol) and 9 (54.1 mg, 0.106 mmol) were combined with CsF (133.6 mg, 0.88
mmol) in DMSO (2.0 mL) and allowed to stir at 60 °C ca. 1 h. An acid workup was
performed, followed by a 2%-5% MeOHlCH2C12 + 1% AcOH flash silica column. The
solvent was removed in vacuo and the product was isolated with a minor impurity by
washing with acetone. JH NMR (500 MHz, (CD3)2S0, &): 9.89 (5, 2H), 8.85 (5, 1H), 8.39 (5,
lH), 7.48 (t, IH), 7.30 (d, 2H), 7.02 (s, 2H), 7.01 (s, 2H), 6.99 (s, 2H), 2.40 (s, 6H).

Pyrazine-NH-bridge Trimer (13): Nucleophile 5-chloro-m-phenylenediamine (44.9 mg,
0.315 mmol) and 2,6-dichloropyrazine (139.8 mg, 0.945 mmol) were combined under argon,
3.0 mL THF were added followed by potassium rerr-butoxide (248.0 mg, 2.21 mmol), and
an additional 2.0 mL THE The reaction was allowed to stir at 40 °C ca. 1 h. An acid
workup was perfonned, followed by a 20% acetone/CH2C1 2 + 1% AcOH flash silica column
yielding 78.1 mg product (67% yield). IH NMR (500 MHz, (CD3)2CO, 0): 9.21 (s, 2H), 8.21
(5, 2H), 8.01 (s, 2H), 7.87 (t, IH), 7.59 (d, 2H).

Pyrazine-NMe-bridge Trimer (14): Starting trimer 13 (162.2 mg, 0.441 mmol) was
combined with 60% NaH dispersion in mineral oll (65.2 mg, 1.94 mmol) in DMF (38.0 mL)
and allowed to stir at room temperature ca. 10 mins. Methyl iodide (60.4 JiL, 0.970 mmol)

13

was added slowly via syringe and the reaction was allowed to stir ca. } h at room
temperature. In addition to the typical acid workl1p, tfl'e organic layer was, wasJiled twice
with a 50% saturated NaCI solution before concentrating in vacuo. A 30% EtOAc/hexane
column yielded 145 mg product (83% yield). IH NMR (500 MHz, CD)O, IS): 7.979 (d, 2H),
7.939 (s, 2H), 7.211 (d, 2H), 7.512 (t, IH), 3.489 (s, 6H).
Pyrazine-NMe-bridge-Orcinol Calix[4]arene (15): Orcinol (22.5 mg, 0.057 mrnol) and
trimer 15 (6.33 mg, 0.051 mmol) were combined with CsF(85.2 mg, 0.561 mmol) in DMSO
(12.0 mL) and allowed to stir at 90 4C ca. 1 h. An acid workup was performed, foUowed by
a 30%-40% EtOAc/hexane gradient flash silica column

to

yield 13.5 mg product (53%

yield). IH NMR (500 MHz, CD)CI, IS): 7.799 (d, 4H), 6.895 (d, 2H), 6.691 (t, IH), 6.591 (d,
2H), 6.319 (t, I H), 3.305 (s, 6H), 2.248 (s, 3H).
Pyrazine-NMe-bridge-Pyrazine-Orcinol Calix[6]arene (16):

Staf1~ng

trimers 14 (9.1 mg,

0.023 romol) and 4 (7.5 mg, 0.023 mmol) were combined with CsF (38.4 mg, 0.253) in
DMSO (8 mL) and allowed to stir at 90"C. An acid workup was peli"f:ormed, followed by
50% EtOAc/hexane flash silica column yielding 7.5 mg product (50% yield). IH NMR (500
MHz, CD3 CI, &): 8.048 (s, 2H), 7.781 (d, 4H), 6.959 (br, IH), 6.946 (br, 2H), 6./31 (br, 2H),
6.718 (br, 4H), 3.203 (s, 6H), 2.269 (s, 6H).
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Results and Discussion
The first calix[6]arene the Katz group isolated was from the kinetic mixture shown iln Filgure
II, and thus, the first linear trimers to be synthesized were composed of 3,5-dihydroxYloluene
(orcinol) (1) as the nucleophile, and 2,6-dichloropyrazine (2) as the electrophile. LiFlear trimers 3
and 4 were isolated in 45% and 70% yields. respectively (Figure

rv and Figure V).

linear trimer 3,1 and 2 were combined in a 1:2 stoichiometric ratio with excess

To synthesize

C~C03;

wnereas to

synthesize linear trimer 4, 1 and 2 were combined in a 2: 1 stoichiometric ratio with excess

C~C03'

Crystal structures were obtained for 3 and 4 (Figure V), and although they are dubbed "linear
trimers", this is cert<tinly not reality in the crystal structure or solution. Also, it should be noted that
the increased reaction temperature necessary for the formation of 4 is due to the linear trimer being
the thermodynamic product, whereas for the synthesis of 3, the reaction is conducted under k1netic
product control. The thermodynamic control in the former case is necessary as the nudeophile c-.an
reversibly add to the electrophiJe, resulting in many permutations of products. However, 4 lis
observed with an elevated reaction temperature and increased duration.

n
n

HO

OH

~

N

+

HO

~

OH

Cs:2~.
DMSO
50 'Cca. 2 h

CI

NnO!N1CI
N

J:.~ 1I
N

:P"

+

N
c,"cN1c,

2 equiv

1 equi\'

1

2

I

'" I

45%

0

J

2 equiv

I equiv

I

c,"cN1CI

Cs:zC0:l

..

DMSO
120 'CCll.. 12 h

HO

DNj)
O!N1o
OH
I ~

'"

J

A

I ~

70%

A

4

Figure IV: Synthesis of 3 and 4. Orcinol (1) and 2,6-dichloropyrazine (2) combined in a 1:2 (yielding
3) or 2: I (yielding 4) sroichiometric ratio with excess C~CO).
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Since every combination of linear trimers formed mixtures of oxacaH,x[6]arenes and
oxacalix[4Iarenes, as shown by 'H NMR, the focus turned towards preventing the internal
cyclization mechanism leading to the oxacalix[4]arene. As alluded to above, the electronics of the
leaving group playa crucial role in the rate of S~r reactions, such that a stronger electron
withdrawing group (EWG) favors attack at the carbon bearing the EWG. Therefore,

BI

stronger

electron donor could effectively prevent a SNAr reaction, suggesting that replacement of the oxygen
bridge with a nitrogen would prevent internal cyclization (Figure X). Work towards the synthes,is
of azacalix:[nlarenes, where nitrogen is the bridging atom, therefore began.

•
HoOol:1oDoJ::1NDoXNlcl
.,

R

Figure X: Theoretically, by repladng the bridging oxygen wvth a strong electron donating group, such
as a nitrogen. the cyclization will be promoted at the term~nal end due to the ullfavorab~e electronics
associated with the internal cyclization mechanism (see Figure VII).

However, new reactiolil conditions8 had to be determined for the synthesis of
azacalixlnjarenes, as the aromatic diamine nucleopbifes are much less reactive than the
corresponding aromatic dihydroxy nucleophiles. Tne nucleophile, 5-cMoro-m-phenylenediamine
(8) was combined with 1,5-difluom-2,4-d initrobenzene (9)
r

W;ol

diisopropyl ethyl amine (Htinig's

Base) to yield linear trimer 10 (Hgl!lFe Xl). Unfortunately, 10 does not subsequently react with 8 to
yield the azacalix:[4]arene; indeed, a wide variety of reaction conditions were attempted and
addition of 8 to 10 was never o'bserved. However, 10 does react with oKino.l to yie.ld
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ox aazacalli x [41arene 1t (Figure XII). The difference in reactivity between di phenol 1 a,nd diami,ne 8
highljghts the poor nucleophilicity of the diamine systems discussed above.

yy

H2 N

CI

'NH2

y+
Cl

8. I equiv

O~YyN0:2 __
;Pr_2N_EL---.;...

F~F

MeCN

02NnNttnN0:2
F

~

~

F

10

9.2 equiv

Figure XI: Synt.hesis of nitrogen bridged linear trimer 10 by combining the nucleophile 8 and
electrophile 9 in a 1:2 stoichiometric ratio in the presence of Hiinig's Base. 8

HOyyOH

Y

10. loquiv

DMSO

I. I oquiv

Figure XII: By reacting 10 with 1, oxaazacaJix[4jarene 11 is accessed. 8

Knowing that 10 would react with a diphenol nucleophile, linear trimer 10 was reacted with
the pyrazine/orcinol dihydroxy linear trimer 4 to yield oxaazacalix[4]arene 12 (Figure XnI).
Gratifyingly, no oxacalix[41arene was observed in the reaction, indicating ,that ,the nitrogen bridge
effectively prevents internal cyclization. Furthennore. the 53% ,isolated yield of 12 was
significantly higher than the 30% and 11 % isolated yields of 5 and 6. The remaining 47% of
material is speculated to be larger macrocycles, polymeric marerial. and/or small amounts of 12 Ilost
during the isolation procedure.

CI

O:2NYyN~~NYyN~

F~N~N~F
H
H
10. I <:quiv
+

CsF

53%

DMSO,60·C

HoDo-(lJ)oH
4. I equiv

Figure XIII: By reacting 10 with the dihydroxy linear trimer 4, ozaazacalix{6]arene 12 was synthesized.
Of important nOle, no oxacalix(4)arene was formed, consistent WilhtDe hypothesis that altering Ithe
bridging atom would limit the internal cyclization mechanism.
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The successful synthesis of 12 lead to work towards synthesizing a new rJ'itrogen-bridged
linear trimer, 13, by combination of 4,6-dichloropyrazine (2) and 5-chloro-m-pheny,lenediarnine (8)
in a 3: 1 stoichiometric ratio in the presence of KO'Bu in THF (Figure XIV). T'hFee equivalents of
the electrophile were required due to the addition of tert-butoxide to the

electroph~le ring

the ether. However, 13 contained relatively acidic protons on the nitrogen bridges,

~hus

yieldiing

potentially

hindering reactivity. Therefore, 13 was methylated with NaH and CH) in DMF to y,ieM 14 (figure
XIV) in the hopes of increasing reactivity towards an aromatic diantine. By eliminating the addic
sites, deprotonation could not occur and the trimer would remain more electropositive. However,
before a reaction with an aromatic diantine was tried, 14 was combined with orcinol (1) to yield
oxaazacalixf4Jarene 15, of which a crystal structure was obtained (Figure XV). The successful
formation of 15 was followed by reacting 14 and pyrazine/orcinol dihydroxy linear trimer 4 to yield
oxaazacalix[6]arene 16 with no observed oxaazacalix[4Jarene (Figure XVI).
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Figure XIV; Synthesis of 13 by reaction of 8 and 2 in a 1:3 stoichiometric ratio. Subsequent
methylation of 13 results in 14.
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Despite being able to access oxazaacalix[6}arenes in good yield by usi'ng I'inear
bridged rrrimers, there has yet to be a solution to the original

p~ob~em

n~tro.gen

of how to selectively

synthesize oxacalix[6]arenes. However, by incorporating the nitrogen bridges, a new foray into
azaca~ix[n}arenes

has been made, an area even less investigated Ithan oxacahx[n]arenes. Certainly

the synthesis of oxa- and azacaJix[n]arenes via SNAr reactions is
two step reactions with reasonable temperatures and

ti~es.

straiglrtforward~requiring

one or

But the chemistry is far from simple,

which ,lends continued richness and complexity to the project. HopefuHy, oxacalixlf6)areoe and
azaca:Iix[njarene systems will soon be better understood, so that they can be selectively synt,hesized
in high yield and used for a variety of applications.
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